Main conclusion Despite the relatively little attention given to tef, the value chain is quickly transforming and is expected to further do so in the near future.
Introduction
While tef (Eragrostis tef) is an important crop in Ethiopia, it is often called an "orphan" crop (Fufa et al. 2011) . Tef receives little attention from international agricultural research centers (the Consultative Group of International Agricultural Research or CGIAR). Primarily, this is because tef falls outside the mandate of these centers that are structured along major international crops such as maize, wheat, and rice. The Ethiopian government has also devoted little attention to the crop, likely because of its desire and emphasis to ensure enough food supply in the country. Given the low yields of tef compared to other crops, it is often viewed as a low-priority crop.
1 Given these reasons, there is relatively less knowledge about the production, marketing, and consumption patterns of tef.
We fill this knowledge gap in this analysis and contribute to the international literature by focusing on three main questions. First, we aim to understand what the importance of tef is in production, markets, and consumption and how it compares with other crops in Ethiopia's agricultural economy. Second, given the rapid transformation happening in Ethiopia (World Bank 2015) , we assess the nature of transformation in each of these segments of the tef value chain, focusing upstream on productivity increases (relying on a growth decomposition analysis), midstream on changes in marketing and processing margins, and upstream on evolving patterns in consumption. Finally, we model expected changes in tef consumption and marketed surplus in the near future using reasonable assumptions on income growth, urbanization, prices, and marketization.
A value chain approach is used in the paper to analyze the tef crop upstream, midstream, and downstream. In contrast to similar studies which mostly rely on case studies or rapid rural appraisal methods, access to large-scale data sets at each level of the value chain is used the consequent advantage being that assessments of the functioning of the tef value chain at the national level can be made with reasonable confidence. Tef is found to be the most important cash crop in the country and a major source of income for many poor farmers. The results of the growth decomposition analysis show that expansion of land and labor has been important to explain production growth of tef and that the relative contribution of modern inputs and agricultural extension has been increasing over time. We also find that tef's importance is likely to grow over time given the income growth in the country with rapid increases estimated for national tef consumption and marketed output in a 20-year period. Appropriate and sustained attention to this important orphan crop in Ethiopia is, therefore, required and warranted.
The structure of the paper is as follows. In Sect. 2, we discuss the data sets and methods that we use to analyze the transformation in the tef value chain. Transformation in the upstream (production), midstream (marketing), and downstream (consumption) segments of the value chain is discussed in Sects. 3, 4, and 5 respectively. Section 6 discusses simulations of future demand and of commercial market development. We finish with the conclusions in Sect. 7.
Methodology

Tef output growth decomposition
This study uses a modified Solow (1957) growth accounting method to decompose growth in tef output. The method decomposes growth in output into changes in inputs used, total factor productivity (TFP), and exogenous factors that contribute to changes in tef output. Central to the method is the assumption that there exists a functional relationship between tef output and inputs used and other factors that influence tef production. Suppose, in a given year, t, tef output is given as:
where Q is the quantity of tef produced and T(t) stands for the cumulative effect of technical change.
2 Nine production inputs are included: farming labor ( L t ), capital ( K t ), area of land cultivated to tef ( A t ), chemical fertilizers ( F t ), improved seeds ( M t ), irrigation ( I t ), agro-chemicals ( P t ), extension ( E t ), and service sector outputs (e.g., transportation and banking services) used by tef producers ( S t ). Exogenous factors that affect tef output, but are not directly put into production, such as infrastructure and returns to changes in the scale of tef production, are represented by the vector Z t .
Differentiating both sides of (1) with respect to time and dividing that by Q gives:
where ΔQ ( Q∕ t ) stands for the time derivative of output. Similarly, ΔJ , ΔT(t) , and ΔZ stand for time derivatives of the nine inputs, technical change, and exogenous factors, respectively. Equation (2) can be rearranged as:
To get from Eqs. (2) to (3), we use w J = ( Q∕ J) × (J∕Q) , where w J . is the relative share of input J in crop output. Equation (3) indicates that the contribution of a given input/ factor to output growth that occurred between periods t and t + 1 is determined by how much its use changed, and its share between t and t + 1. Exogenous factors, Z t , are represented by the last two expressions in (3): ΔRTS stands for changes in returns to scale (RTS), and ΔRR stands for changes in infrastructure, which we proxy by rural roads.
and represent the rate of change in output per unit of change in RTS and rural roads, respectively.
If time series data on tef output, shares and changes in factors used in tef production, length of rural roads, and estimates of , , and ΔRTS are available ΔT(t)∕T(t) or changes in total factor productivity (TFP) can be estimated using Eq. (3). We follow Carlaw and Lipsey (2003) to estimate the effect of returns to scale, as the excess of the sum of shares of factors put into production over 1, which occurs if returns to scale are constant, or = ∑ J w J − 1 . Moreover, ΔRTS is given as the excess of the sum of payment to inputs used in production weighted by the rate of change in the
over the rate of growth or expansion in the tef production ( f ) or ΔRTS = ∑ J w J ΔJ∕J − f , where the minimum of growth in cultivated area and labor, inputs indispensable in crop production, is used as a proxy for f. Finally, we replace by Zhang and Fan's (2004) estimate of elasticity of TFP with respect to rural roads (0.042).
Tef production in Ethiopia was likely affected by other factors. For instance, farmers' use of organic fertilizer and improved land and water management practices-that the Government of Ethiopia invested in expanding-likely contributed to growth in tef output. Furthermore, crop production in Ethiopia is largely rainfed, implying that weather conditions affect changes in crop outputs. Insofar as these and other factors are not included in the analyses, corresponding estimates of changes in TFP also include the effects of those factors.
Data source and coverage
The descriptive as well as the growth accounting analysis uses data on output and inputs in tef production obtained from Central Statistics Agency (CSA) annual reports (Central Statistical Agency 2005a, b, c) . We chose these data, because they are the only nationally and regionally representative series that are systematically available over time. The quality of CSA data has been challenged by some authors (e.g., Dercon and Hill 2009; Gollin 2011; Mandefro and Jerven 2015) , and they are, nevertheless, considered to be among the best in Africa. Moreover, the regularity and consistency of the underlying surveys should allow big picture overviews and analysis in this area. We will, however, also use alternative datasets as appropriate.
Data on agricultural production are collected annually through an agricultural sample survey implemented by the CSA (Central Statistical Agency 2017a, b) . This survey is typically fielded in more than 2000 enumerations areas and more than 40,000 farmers are visited. For example, in 2010/11, almost 45,000 agricultural household were interviewed. The survey collects data, among others, on area allocation, production levels, yields, use of harvest, and land management practices. The sample is set up in such a way that the results are representative of the regional and zonal levels. The annual data from these surveys for the period 2003/04 until 2016/17 are used in the analysis.
The consumption analysis relies on the Ethiopian Household Consumption and Expenditure Survey (HICES) data set from the past four rounds, i.e., 1995/96, 1999/00, 2004/05 and 2010/11 . These data were also collected by the Central Statistical Agency (CSA). In total, 11, 678, 17, 320, 21, 560 and 27,831 households were interviewed over the four periods, respectively. The survey contains detailed information on consumption and expenditures of both food and nonfood items. These data are explored to analyze trends in the consumption of different food categories over these periods. The paper focuses on quantity consumed and expenditures on the three varieties of tef (white, mix, and red) and of injera, a spongy flatbread, the main national dish in Ethiopia (as well as in Eritrea). It is to be noted that there have been some differences in data collection methods over the years, and some caution in the interpretation over time is warranted (Stifel and Woldehanna 2014) . In addition to the HICES dataset, the retail price data set of the CSA is used to account for inflation over this period (Central Statistical Agency 2017a) .
Price data used in this study are collected as part of the CSA's Consumer Price Survey (CSA 2017b) . These data were collected in 116 urban retail markets in all regions of Ethiopia. The number of markets in each region is approximately proportional to the region's share of the total urban population to ensure a sufficient degree of national representativeness. Thirty-two markets are surveyed in Southern Nations, Nationalities, and Peoples (SNNP) region, 24 in Oromia, and 20 in Amhara (the three biggest regions), while 12 markets are surveyed in Addis Ababa (by far the largest urban center with officially more than 3 million residents). The smaller regions include only a handful of markets. We also use prices from producer price surveys that CSA conducts in a large number of districts in the country (CSA 2017c) .
For the growth decomposition analysis, we further rely on rural road data obtained from the National Bank of Ethiopia (National Bank of Ethiopia (NBE) 2017). We proxy changes in intermediate service sector inputs by changes in tef output, which assumes that changes in intermediate service sector input use are proportional to growth in tef output. Unlike data on output and input use levels, which often are available annually, data on factor shares are infrequent. We derive factor shares for labor, capital, land, chemical fertilizer, pesticides, and services from the 2009/10 Social Accounting Matrix (SAM) of Ethiopia (Engida et al. 2011) . We complement the latter by the relative output elasticities with respect to quantity of improved seeds, irrigation, and area covered by extension, obtained by estimating a crop production function using data from the Agricultural Growth Program (AGP) of Ethiopia baseline survey. The AGP data set used in the analysis pertains to the 2010/11 main agricultural season and includes about 7000 households, sampled to represent 8 million households residing in Tigray, Amhara, Oromiya, and SNNP regions.
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Transformation upstream: tef production
Background
Tef is estimated to be the most important crop in Ethiopia's agricultural economy using a number of indicators. In 2016/17, it was estimated by the Central Statistical Agency that tef made up 21% of all the cultivated area by private smallholders in the Meher season, covering about 3 million hectares, and that it was grown by 7 million farmers. 4 As there are 17.4 million (grain) farmers in Ethiopia in total, this implies that 40% of all these farmers grow tef. The second most important crop is maize at 15% of all cultivated land, followed by sorghum accounting for 13%.
While the tef area has grown by 50% over the last decade, from 2 million hectares in 2003/04 to 3 million hectares in 2016/17, the share of tef in total area cultivated has stayed relatively stable over time. It was 21.3% in 2003/04 and it stayed at that level in 2016/17. The share of other crops also remained surprisingly stable over time, with seemingly no important diversification in Ethiopia's agricultural economy during the Meher season to date. For example, the share of cereals in total area cultivated during the Meher season was as high as 75% in 2003/04, and although it declined over time, it still remained as high as 72% in the year 2016/17.
Tef is the most important single crop area-wise in Ethiopia, but its importance in agricultural output is lower. This is due to the relatively low yields of tef compared to most other crops and especially other cereals. The total national production of tef in 2016/17 (5.0 million tons) was lower than maize (7.8 million tons), but higher than wheat (4.5 million tons) and sorghum (4.7 million tons) (CSA 2017a). The average yield of tef in that year was 1.66 tons/ha, less than half the yield of maize (3.68 tons/ha).
On the other hand, prices paid per kg of tef are considerably higher (Table 1 ). The total value of tef output in 2016/17 amounted to 2.9 billion USD, the highest level in the country for a single crop (Table 1) .
5 Maize, wheat, and sorghum are valued at 1.9, 1.8, and 1.6 billion USD, respectively. Overall, tef makes up 31% of the total value of cereal output.
Within the cereal sector, tef is the most commercialized crop, with an estimated 30% of the production sold (CSA 2017b). The value of commercial surplus of tef-that part of production that is sold-in 2016/17 was estimated to be 850 million USD. Tef makes up half of the value of total commercial surplus of the cereal sector and equals the commercial surplus of all other cereals combined ( Table 1 ). The cash receipts of farmers from the sales of tef are 27% higher than that from coffee and almost triple that from sesame ( Table 1 ). Noting that coffee and sesame are the two major exports of the country, tef is, thus, by far the most important cash crop in the country.
Evidence of tef production growth
In exploring the associates of growth in tef production, the agricultural year 2003/04 is used as the base year. As Fig. 1 illustrates, tef production has increased by almost 200% over the last 13 years, and a combination of both area and yield increases of 52% and 97%, respectively. Yield growth has, thus, been the main contributor to production growth. During the first half of the decade, yield and area growth were at similar levels (for the period 2003 until 2007) . The gap between the two growth rates has, however, becomes wider since. Figure 1 also shows that the number of tef farmers has increased significantly over the period considered: an increase of 53%. As the area increase was of similar magnitude as the number of tef farmers, there has been no significant change in the average area of tef cultivated per farmer over this period. We use complementary data sources to check the robustness of these estimates. 6 We present evidence from three groups of complementary methods and data sources. First, CSA data on growth in tef yields are compared with those obtained from other large-scale rural household survey data sets collected over the last decade (for a detailed discussion of these data sets, see Bachewe et al. 2018) . While the surveys cover relatively large parts of the country, caution is required in comparing yields over time, since the surveys were fielded in different areas and periods, and for different purposes. However, growth rates in yields of tef calculated using these surveys are generally similar to the growth rates obtained from CSA data (Table 2) .
Second, we use data from the Ethiopian Rural Household Survey (ERHS), a unique longitudinal household survey that contains information on agriculture, consumption, assets, and income of almost 1500 households in 15 villages across the country surveyed for over a decade (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) . The ERHS data set indicates improvements in tef yields, but the yield levels were lower than the corresponding values from CSA data, however.
Third, focus groups in the 304 kebeles (villages) in the Agricultural Growth Program (AGP) baseline survey were asked to compare average yields in their community in 2011 relative to 10 years earlier. Focus groups included at least five people knowledgeable about the community, such as community leaders, kebele chairpersons, elders, religious leaders, and teachers. Growth in white and black tef yields averaged 20 and 17%, respectively, in total over the 10-year period. These growth rates were, therefore, lower than for data of CSA.
To further understand the growth in tef yields, we look at changes in the adoption of modern inputs over time. Since the early 1990s, Ethiopia has implemented several cereal intensification programs promoting the adoption of modern technologies. At the center of these strategies was the push for adoption of chemical fertilizer and improved seed packages by smallholders. Figure 2 shows to what extent the share of fertilized tef area has changed in recent years. While this share stood at 60% in 2005, it increased to 80% in 2016. Similar changes have been noted in the adoption of pesticides as well (Fig. 2) . While the adoption of improved seeds is not easy to measure, Minten et al. (2016a, b) , however, document the rapid adoption of the improved Quncho variety in well-connected areas. The Government of Ethiopia has further made large investments on an agricultural extension system focused on the provision of advisory and training services led by frontline development agents. Ethiopia, thus, achieved one of the highest extension agentto-farmer ratios in the world. This increasing coverage by extension agents is also shown in Fig. 2 . Therefore, these complementary data sources illustrate significant changes in access to extension, adoption of modern inputs, and consequent yield and production growth in the tef subsector, as shown earlier using CSA data. However, documented growth rates from these sources are generally also slightly lower. Differences in survey methods may have contributed to these deviations. CSA statistics on yields are based on data collected through crop-cut and recall methods, while the others rely on recall data. (6th row), while it also indicates tef output grew more rapidly in the first half of the period than in the second. Out of the 7.8% growth in output, 2.0% points was accounted for by labor (column 3), while expansion in cultivated land accounted for 0.7% points. A further 1.2, 1.1, and 0.4% points of tef output growth originated from increases in uses of chemical fertilizer, improved seeds, and area covered by extension packages, respectively.
Sources of tef production growth
The table also provides a basis for exploring growth in tef output resulting from changes in TFP. Annual change in TFP accounted for about 1.9% points of the 7.8% growth in tef output. The contributions of TFP were slightly higher during the second half of the period relative to the first half, possibly reflecting the relatively lower growth rates in labor and land used in tef production (Fig. 3) . Results of the growth accounting analyses not only show the importance of labor and land in the tef output growth recorded in the last 15 years, but also indicate the growing importance of modern inputs and agricultural extension. The contribution of labor and land in the first half of the period was about 42% of the growth in tef output (columns 3 and 5 in the 8th row) recorded during the same period. The contribution of labor and land in the second half of the period declined to 23% (columns 3 and 5 in the 9th row). In contrast, the contribution of modern inputs (fertilizer, improved seeds, and pesticides) and agricultural extension, which accounted for 33% growth in tef output during the first half, increased in importance to 40% in the second half (columns 6-10 in the 8th and 9th rows, respectively).
Transformation midstream: marketing
Tef value chains are found to be relatively unsophisticated, short, and in contrast to common perception, fairly well organized (Minten et al. 2016a, b) . At farm level, there are no interlinked transactions with buyers of the produce (which is often seen in other countries, especially in more developed value chains), the role of credit is minor, and most of the transactions are cash transactions. Farmers obtain a relatively high share of the final retail price (on average 80%), and the importance of distress sales is low. Over the last decade, changes in the market structure of tef seem to have been linked with economic growth, urbanization, improved roads (and, consequently, decreased transport costs, and possibly competition in better and bigger fleets), and greater access to ICT (mobile phones are universally used by brokers and traders, striking deals, and bypassing wholesale markets entirely). These changes in tef markets have given rise to predicted outcomes of considerable market improvements. For example, increasing urbanization, increased supply, and income growth have led to more quantities traded and greater economies of scale, and thus to lower margins overall. In addition, access to better price information has contributed to a more efficient marketing system and, consequently, lower overall margins (Minten et al. 2014) .
Monthly price series for tef have been collected over the last 15 years by the Central Statistical Agency (CSA) at the retail, producer, and milling level. By comparing these prices, the evolution of urban-rural marketing and processing margins over time can be analyzed. The increasing competition between mills, as mentioned by retailers (Minten et al. 2014 ), seems to have led to a significant reduction of the ratio of milling charges over tef retail prices over the last 15 years (Fig. 3) . These margins have dropped on average to half the level of 15 years earlier.
By comparing producer prices from neighboring major production zones in Addis to retail prices in Addis Ababa and looking at trend lines, we see that the share of the producer in the final retail prices increased from a level of between 74 and 78% in 2001 to between 84 and 86% in 2017 (Fig. 4) . 7 Despite having the highest prices, white tef shows the lowest producer-to-retail ratio, indicating significantly higher marketing costs than other types of tef. Moreover, large variability of these margins is seen over time with a significant decrease in shares of wholesale and producer in the final retail prices in 2009 and 2010. One contributing factor might have been that the government eliminated fuel price subsidies in October 2008 as the share of producers in the final retail prices started to reduce significantly from that time for all three types of tef. Nevertheless, it is not immediately clear what has been driving this variability and these differences between different types of tef, and thus, further research appears necessary. Overall, despite large variability, the results show that the shares of urban-rural marketing and milling in final retail prices have declined significantly over a 15-year period, seemingly indicating improved marketing systems. 
Transformation downstream: tef consumption
This section of the paper considers consumption patterns and their changes over time using four rounds of HICES data sets, covering the period from 1996 until 2011. To ensure comparability over time in this analysis, expenditures are deflated using the national Consumption Price Index (CPI) and values are expressed in constant 1996 Birr, implying a lowering of nominal prices from later HICES rounds through a division by this CPI. Quantities consumed per capita were calculated, as well. 9 The results of this exercise are presented in Table 4 . They illustrate a number of interesting findings.
First, some important general shifts in the food basket are noted over time. Overall, the share of cereals in total food expenditures is declining. While the share made up 43.4% of expenditures in 2000, it had declined to 35.5% 10 years later. Most growth in the non-cereal food categories was recorded in the 'other food' category that grew from 9.7 to 15.4% from 2000 to 2011. There is also an increasing importance of animal products over time. While the share of animal products is still relatively low, it has grown from 9.9% of the food basket in 1996 to 12.9% in 2010. These patterns are a reflection of Bennett's law that describes a relative decline in starchy staples and an increase in animal proteins with income (Bennett 1941) .
Second, the most important crop within the cereal expenditures of the food basket is tef. It accounted for 12.4% of food expenditures in 2011. This compares to 7.8% for maize, 7.7% for wheat, and 5.1% for sorghum. Over time, some minor shifts within the consumption of cereals are observed. For example, the share of expenditures of sorghum in food expenditures was 6.1% in 2000 and 8.0% in 2005, but it declined to 5.1% in 2011. Compared to 2000, the share of maize in food expenditures has decreased as well. Sorghum and maize are both characterized by low income elasticities and it seems that the growing average incomes in Ethiopia might lead consumers to retreat from consuming these crops (Berhane et al. 2012) .
Third, some important changes are noted as well within the tef category. While red tef made up 5.0% and 5.2% of food expenditures in 1996 and 2000, respectively, this share declined to half that level in 2011. Expenditures on red tef in 2011 were only 2.6% of all food expenditures. Expenditures on white tef were consistently lower than those on red and mixed tef in 1996 and 2000, but they were at an equal level in 2011. Hence, there is a notable shift away from the cheap red tef to the more expensive white tef. The most important change within the tef expenditures is, however, the quick emergence of injera as an important food item in the food basket. It represented 4.7% of expenditures in 2011, a significant increase compared to 0.8% of total food expenditures in 1996 and 2000. This seems to follow the pattern that as consumers become richer and opportunity costs of women's time in the household are on the rise, ready-to-eat foods become more readily part of the consumption basket (Kennedy and Reardon 1994; Dibley et al. 1995) . 10 Fourth, total tef consumption over the years has remained at similar levels. It was as high as 31 kgs per capita in 2000, dropped to 27 kgs in 2005, and then increased again to 29 kgs in 2011. Within the tef categories, the same trends are seen as in tef expenditures. The quantities consumed of white tef and injera are on the rise. White tef consumption increased from 5 kgs in 1996 to 8 kgs in 2011 and injera consumption increased in the same period from 2 to 7 kgs. On the other hand, red tef (from 13 kgs in 2000 to 10 kgs in 2011) and mixed tef (from 11 kgs in 2000 to 9 kgs in 2010) consumption decreased over time.
Significant research has been conducted in agricultural economics to understand the link between income and food consumption patterns. The parameters resulting from such research are important as they allow for economic modeling to assess impacts on consumption of food policy changes, as well as projecting food requirements in the future. There have been significant methodological advances. While demand for food items was previously analyzed in singleequation models, these estimates often led to inconsistencies in parameters when total food baskets were considered. To address this issue, a methodology called the Almost Ideal Demand Systems (AIDS) was developed. This method is widely used to estimate parameters as part of complete food demand systems (Deaton and Muellbauer 1980) . Researchers have also tried to improve their understanding of transforming food systems in economic development and associates with changes in consumption (e.g., Reardon and Timmer 2007) .
11 Comparing the differences in consumption patterns of richer and poorer households is often indicative of how transformation of food systems will shape food economies in a particular country.
In an effort to understand these patterns in Ethiopia, all households in the HICES survey of 2011 were ranked by wealth quintile, from the poorest quintile 1 to the richest quintile 5. The shares of different consumption categories were then calculated. As expected (e.g., Bouis and Haddad 1992; Bouis 1994; Subramanian and Deaton 1996; Pingali 2007) , strong differences in the composition of consumption baskets are seen over poverty quintiles. The five major cereals make up 37.7% of the poorest quintile and this surprisingly only declines minimally for the richest quintile to 32.2% (Table 5) . Notably, the share is relatively stable for the poorest three quintiles and drops off only for quintile 4 and 5, suggesting that transformation in the food basket has only started to occur in the richest two quintiles. The food budget for animal foods for the richest households comprises 20.4%, yet this is only 7.9% for the poorest ones. As for cereals, the higher consumption of animal products is especially noted for the richest quintiles 4 and 5.
The share of cereals in total food consumption is relatively stable over poverty quintiles, but there are, however, large differences within this category by poverty quintile. Maize and sorghum are the two cereals that are typically consumed more by the poor than by the rich. 13.5% of all food expenditures of the poor go towards maize. This compares to 2.5% for the rich. These numbers are 7.4 and 1.8%, respectively, in the case of sorghum. The consumption of barley is low overall, but its share also decreases when incomes increase. There is relatively little variation in wheat, based on the poverty level; however, it is consumed slightly more by the rich.
Tef consumption also shows a distinctive pattern by poverty level. It increases consistently over poverty quintiles and tef only makes up 6.9% of the food expenditures of the poorest quintile. By contrast, tef comprises 18.8% of all food expenditures of the richest quintile. Tef is, therefore, clearly a preferred food of the rich. Moreover, within the tef category, there are a number of other further distinctive patterns. Red tef makes up 28% of the tef expenditures for the poorest households (quintile 1), but this decreases to 10% for the richest ones. On the other hand, expenditures on injera drop from 48% for the richest quintile to 38% for the poorest one, likely driven by the significantly higher prices per kg or per calorie for injera as seen in Table 5 .
In a more complete quantitative approach, Tafere et al. (2010) use an AIDS model to estimate income elasticities from the HICES data of 2004/05. As predicted from the previous tables, animal products have the highest income elasticity of all the food product categories considered (Table 6) . A doubling of income leads to a 172% increase in animal expenditures in urban areas and a 198% increase in rural areas. Animal products are, therefore, an economically superior product (e.g., Delgado et al. 1999; Delgado 2003; Berhane et al. 2012) . Tef also shows high income elasticities, i.e., 1.2 in rural and 1.1 in urban areas, indicating that a doubling of income increases expenditures by 120% and 110%, respectively. On the other hand, other cereals show much lower elasticities. Sorghum even has a negative income elasticity in urban areas, indicating that it is an economically inferior commodity in this urban environment. When households become richer, the consumption of such goods is reduced. The importance of sorghum as a food is, therefore, likely to reduce, and the importance of tef is likely to increase with the rise in income over time, as Ethiopia becomes wealthier and more urbanized.
Simulations of future demand and of commercial market development
We use the estimated income elasticities to evaluate how demand for tef products might evolve in the future. We do so by integrating expected population dynamics, differentiating between urban and rural areas, relying on population projections by the World Bank. We further assume a uniform annual income growth of 3% and no real price increases. Figure 5 shows, under these assumptions, the evolution in demand for tef for rural and urban areas. The results show that the demand for tef will increase by 250% between 2011 and 2030. We see especially rapid growth in urban demand for tef. While urban consumption of tef made up 43% of total tef consumption in 2011, this is expected to increase to 55% in 2030. Next, we look at the development of commercial markets for local consumption. We take as a base the share of purchases in total tef consumption from the HICES data in 2011 for rural (22.5%) and urban (93.9%) areas. We assume an increase in market use in rural areas over time by 10% points (to 32.5%)-an increase that is partly driven by improved rural infrastructure in the future given the government's large investments in this area. Figure 5 shows the results of these simulations.
The results illustrate the rapid growth in urban markets as commercial urban tef demand will increase by 350% compared to the situation in 2011. While the share of urban markets made up already 76% of the commercial value of tef in 2011, this is expected to slightly increase to 78% of the nation-wide value of commercial markets. These data, therefore, indicate to what the extent the rural-urban tef value chains will grow in the future. Rural commercial markets are expected to grow by 304%. Overall, a growth of 340% is expected by 2030. This type of growth will have enormous implications for different agents involved in these markets, such as traders, transporters, wholesalers, retailers, with these numbers expected to increase rapidly in the future.
Conclusions
The analysis in this paper illustrates the importance of tef in Ethiopia's agricultural and food economy as well as important transformations in the value chain. Upstream, it is estimated that tef is Ethiopia's most important single crop, making up 21% of its cultivated area during the most important Meher season. Tef is grown by 7 million farmers. The production value of the crop was estimated in 2016/17 to be as high as 2.8 billion USD. Moreover, it is shown that tef is the most important cash crop in the country. The value of income generated for farmers from tef is estimated to be more important than from coffee, the most important export product of Ethiopia; and the value of the commercial surplus of tef is as high as the commercial surplus of all the other cereals in the country combined. Over the last decade, significant increases have occurred in the production of tef. Using a growth decomposition method, we find that expansion of land and labor use in tef production has been important to explain growth, but we also show that the relative contribution of modern input use, agricultural extension, and TPF to tef production growth is increasing over time.
Midstream, we note improved domestic marketing. Despite large variability, the shares of urban-rural marketing and milling in the final retail prices have declined significantly over a 15-year period. These changes seem to have been linked with improved roads (and consequently decreased transport costs, and possibly competition in better and bigger fleets) and greater access to ICT (mobile phones are universally used by brokers and traders, striking deals, and bypassing wholesale markets entirely).
Downstream, the last decade has seen a shift from the least preferred yet lower cost foods, to costlier and more preferred food options. Within the tef sector, ready-to-eat injera and the more expensive white tef are on the rise, while the cheap red and mixed tef are on the decline. Tef is consumed more by urban households than by rural households. Tef is further characterized by high income elasticities, evaluated at 1.10 in urban areas and 1.20 in rural areas. These figures demonstrate that tef is an economically superior commodity, implying that with an increase in income, this leads to a disproportional increase in tef consumption, and, moreover, that tef will continue to be a product that is consumed in greater quantities by the rich, in mostly urban areas, than by the poor. The lower consumption by the poor is partly explained by the high prices of tef which are typically twice as high as the cheapest cereal, i.e., maize.
Despite these improvements, the transformation of the tef production and marketing systems is still at an early stage of agricultural development (e.g., Reardon and Timmer 2007) . At the production level, the number of farmers who use improved varieties is still low, the quantities of chemical fertilizers that are being used are still below the recommended levels, and mechanization, which is happening quickly in other emerging economies, is still mostly absent (Minten et al. 2014 ). In addition, very little vertical integration is observed, as well as minimal coordination mechanisms between tef production and marketing. Midstream and downstream of the value chain, little evidence of up-scaling of trade is seen, nor of modern retail or of branding. Typically, these can be observed as agricultural market development gets underway (Reardon et al. 2012 ).
Ethiopia's economy is transforming, people's incomes are increasing, and as consumers purchase more preferred foods, they consume more tef. Using reasonable assumptions on income growth, urbanization, prices, and marketization, we estimate that national tef consumption and commercial markets will increase by about 250 and 300%, respectively, over a 20-year period. However, such increasing demands come at a price. There is pressure on the government and other stakeholders to change agricultural and food policies and their implementation, as well as pressure on the smallholding traditional farmers to modify their practices to adapt to a changing consumption pattern, with new farming techniques that increase yield and minimize waste. Tef is emerging to become a crop that is more productive and renowned for its gluten-free and rich nutrient constitution. Nevertheless, the time is ripe for the emergence of tef from what was once thought "a threat to food security that should be abandoned", to a crop that deserves more recognition locally and globally.
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